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[Name of Invention] 

Color Data Retention Method and Color Management Method 
[Summary] 

[Task] To realize a general-purpose color - 



data retention method and color 
management method that allow a highly 
accurate speculation of the relation of the 
spectral distribution against image device 
signal values with minimum amount of 



1 

Target Spectral Distribution Calculation 




data. 



Inventor has included the basic spectral 
distribution data, which indicates the basic 
spectral distribution, and contributing data, 
which associates the input sign a l with its 
spectral distribution contribution, in the 
data that indicates the color characteristics 
used to calculate the reproduction device's 
signal value from the target device's signal 
value. By doing so, less data is required, 
compared to when the spectral data is 
based on a simple combination of device 
signal values, without losing its spectral 



[Solution] 




Approximation by Spectral Distribution 




Reproducing Device-Signal Value Calculation . 
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characteristics. Also, a highly accurate image reproduction can be accomplished, even if the light 
source has been altered at the reproduction site. 

[Scope of Patent Application] 

[Claim 1] 

Color data retention method, whose characteristic is to include the basic spectral distribution data, which 
indicates the basic spectral distribution, and spectral distribution contributing data, which associates the 
input signal with its spectral distribution contribution, in the color characteristics data, which indicates 
an image device's color characteristics. 
[Claim 2] 

Color data retention method, as described in Claim 1, whose characteristic is as follows: It modifies the 
tone of the aforementioned spectral distribution contributing data by linearizing the color mixture 
characteristic of the image device. 
[Claim 3] 

Color data retention method, as described in Claim 1, whose characteristic is as follows: The number of 
the aforementioned basic spectral distribution data is between N and 2 raised to the power of N, when 
the number of the colors that are used is N. 
[Claim 4] 

Color data retention method, as described in Claim 1, whose characteristic is as follows: When the image 
device is the input device, the aforementioned basic spectral distribution data can be modified, based on 
the type of the subject 
[ClaimS] 

Color data retention method, as described in Claim 1, whose characteristic is as follows: When the image 
device is the input device, the aforementioned basic spectral distribution data is to be selected from the 
data associated with multiple media. 
[Claim 6] 

Color data retention method, as described in Claim 1, whose characteristic is as follows: If the 
aforementioned basic spectral distribution data does not exist, pre-determined spectral data is to be used 
as the basic spectral distribution data. 
[Claim 7] 

Color data retention method, as described in Claim 1, whose characteristic is as follows: Aforementioned 
color characteristics data is to be incorporated as a part of the image data. 
[Claim 8] 
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Color data retention method, as described in Claim 1, whose characteristic is as follows: Aforementioned 
color characteristics data is to be used to convert the image device signal device to a tristimulus value 
under specific conditions, or to a color value that derives from this tristimulus value. 
[Claim 9] 

Color management method, whose characteristic is as follows: The system value of the target image 
device is to be converted to the system value of the image device on which it is reproduced, using the 
spectral color characteristics data, which indicates the spectral color characteristics of an image device. 
[Claim 10] 

Color management method, as described in Claim 9, whose characteristic is as follows: Aforementioned 
spectral color characteristics data should be the applicable spectral color characteristics data multiplied 
by the spectral distribution of the light source. 
[Claim 11] 

Color management method, as described in Claim 9, whose characteristic is as follows: The approximate 
value of the aforementioned spectral color characteristics data is to be calculated ahead of time by 
multiplying the wavelength of the spectral color characteristics data with the weighting factor 
[Claims 12] 

Color management method, as described in Claim 9, whose characteristic is as follows: the data is to be 
converted to a system value of the associated image device ahead of time so that it stays within the color 
range of the image device on which it is reproduced. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

This invention concerns a color data retention method and color management method, notably the 
method that allows a highly accurate handling of colors with a minimum amount of data from the image 
device and is considered by metamerism. 
[0002] 

[Previous Technology] 

(1) Method of retaining the characteristics of an image data has been to have an input data from the 
image device and a tristimulus value under a specific light source, or data that has the relation of 
color space coordinates that derive from the tristimulus value. 

[0003] 

Existing technology include the following types: 
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□ ANSI Color Target IT-8/7.3, a table that determines the relation between the print dot pattern and 
L*a*b*. 

□ "Color Management System Development" (Hung, Po-Chieh, KONICA TECHNICAL REPORTF 
Vol. 8 (1995)), which accomplishes color management by utilizing the signal value of the image 
device and tristitnulus value. 

□ "ICC, ICC Profile format v3.3 http-//wwwxolor.org/ (1996)," an ICC profile. 

□ For all three, the basis is to have the relation between the system value of the image device and the 
tristimulus value under a specific light source as a table. 

[0004] 

(2) Method of speculating the spectral data of an image device include the following types: 

□ "Color Conversion Method for Color Appearance Matching Using the Neural Network" (And, 
Yoshifiimi; Nakauchi, Shigeki; Usui, Shiro; Japan Printing Society, 98 th Spring Convention Draft, 
pp. 161-164 (1997)), which uses the neural network- 

□ "Colorimetric Characterization of a Desktop Drum Scanner Using A Spectral Model" (Bems, Roy 
S.; Shyu, M.J.; Journal of Electronic Imaging 4(4), pp. 360-372 (1995)), which analyzes the main 
components using the output value from the scanner. 

[0005] 

(3) Color management technology includes U.S. Patent # 4500919, which gets the tristimulus value 
from the spectral distribution and uses the three values (typically, tristimulus value) to reproduce the 
color. 

[0006] 

See figure 4. In this example, the tristimulus value is obtained through conversion based on the 
colorimetric device characteristics, target perceived color is obtained through conversion of the color 
- appearance model, and tristimulus value is obtained through inversion of the color appearance model for 
the perceived color adjusted by color range mapping. In addition, the reproduction device signal is 
obtained through inversion based on the colorimetric device characteristics. 
[0007] 

[Tasks to Be Solved] 

Existing technology, as described above, has the following problems: 

1 . Specified data is not the spectral data but the relation with the tristimulus value. Therefore, when the 
light source changes, the data becomes invalid. However, spectral data is approximately 35 
dimensional, whereas a tristimulus value is only 3 dimensional. It loses its spectral characteristics. 

[0008] 
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For a simple expansion, each output to the image device signal value can have a separate spectral data, 

or it can retain the data from the colorimeter. 

[0009] 

In this case, when the combination of image device signal values is N and the number of dimension is M, 
the equation is N 3 *M. The tristimulus value is 17 3 *3=14739 (words). A 35-dimensional spectral data 
is 17 3 *35=171955 (words), which requires a piece of data which is ten times as large. 
[0010] 

Generally, a word requires 4 bytes or 2 bytes. With 2 bytes, a tristimulus value becomes 29478 bytes, 

and a spectral data becomes 343910 bytes. 

[0011] 

The problem is that as described above, in order for a spectral data to maintain its spectral characteristics, 
an extremely large amount of data becomes necessary. 

2. The neural network method requires some education process ahead of time. Also, as seen in section 

(1) above, speculation based on a low-dimensional data becomes less accurate. 
[0012] 

To obtain the color characteristics of a certain device, Berns' theory indicates a method in which spectral 
distribution is obtained based on the analysis of main components. Based on this theory, highly 
accurate color characteristics can be obtained based on three or so types of spectral distribution. 
However, this paper focuses only on slides and does not apply the concept to other media. 
[0013] 

With the existing color management system, it obtains the spectral distribution first and then multiplies it 
with the spectral distribution of the light source and then converts it to a tristimulus value. In 
converting the value to a tristimulus value, a problem with metamerism arises. A printer that uses four 
or more elementary colors cannot reach a unique solution. When the printer uses four colors, an 
additional condition (ink amount, utilizing black as much as possible, as little as possible, or if black 
generation occurs smoothly, etc.) is added. 
[0014] 

Another method uses the colors for HiFi printing (6 to 8 elementary colors) for color reproduction. 
However, when the color reproduction is based on a tristimulus value (or a color value that derives from 
a tristimulus value), the elementary colors that express the same color value can have an infinite number 
of combinations. There is no method to logically select one from them. 
[0015] 

As described above, the relation between spectral distribution and the signal value of an image device 
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cannot be speculated accurately with the minimum amount of data. Also, there is no general-purpose 
method, due to the limitation of the media. There is no method to determine a system that uses more 
than three elementary colors, either colorimetrically or spectrally and cannot solve the metamerism. 
[00t6] 

Objective of this invention is to realize a general-purpose color data retention method and color 
management method that allow a highly accurate prediction of the relation between the signal value of 
an image device and the spectral distribution, with a minimum amount of data. 
[0017] 

[Steps to Solving the Tasks] 

(1) Invention, as described in Claim 1, is a color data retention method whose characteristic is as 
follows: It includes the basic spectral distribution data and spectral distribution contributing data, 
which associates the input signal with the spectral distribution, in the color characteristics data, 
which indicates the color characteristics of an image device. 

[0018] 

With this invention, the color characteristics data will not lose its spectral characteristics by including the 
basic spectral data and spectral distribution contributing data in the color characteristics data. 
Additionally, it requires less data, as compared to when spectral data is simply applied to a combination 
of device signal values. Since it still maintains its spectral characteristics, the image can be reproduced 
at the reproduction site highly accurately, even if the light source has been modified. 
[0019] 

(2) Invention, as described in Claim 2, modifies the tone of the aforementioned spectral distribution 
contributing data by linearizing the color mixture characteristic of the image device. 

[0020] 

This invention, decreases the multi-dimensional matrix size and the number of basic spectral distribution 
data by linearizing the color mixture characteristics while maintaining its accuracy. AS a result, it 
reduces the data size and processing amount. 
[0021] 

(3) Invention, as described in Claim 3, has the following characteristic: The number of the 
aforementioned basic spectral distribution data is between N and 2 raised to the power of N, when 
the number of the colors that are used is N. 

[0022] 

With this invention, the color mixture of 2 N is the primary color. Such data can be transmitted while 
still maintaining its spectral distribution characteristic accuracy. 
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(4) Invention, as described in Claim 4, has the following characteristic: When the image device is the 
input device, the aforementioned basic spectral distribution data can be modified, based on the type 
of the subject. 

[0023] 

With this invention, optimal data for the subject can be transmitted. 

(5) Invention, as described in Claim 5, has the following characteristic: When the image device is the 
input device, the aforementioned basic spectral distribution data is to be selected from the data 
associated with multiple media. 

[0024] 

With this invention, the receiver can interpret the data receiving symbols and not the complete data, by 
determining a symbol for a typical spectral distribution ahead of time based on the subject type. As a 
result, the data size can be drastically reduced. 
[0025] 

(6) Invention, as described in Claim 6, has the following characteristic: If the aforementioned basic . 
spectral distribution data does not exist, pre-determined spectral data is to be used as the basic 
spectral distribution data. 

[0026] 

With this invention, the data size can be drastically reduced by omitting the basic spectral distribution 
data from the spectral distribution that is generally used, and by using the pre-determined data, 
[0027] 

(7) Invention, as described in Claim 7, has the following characteristic: Aforementioned color 
characteristics data is incorporated as a part of the image data. This invention incorporates spectral 
characteristics to ah image data. Therefore, it can achieve visual color reproduction at the 
reproduction site, even when the light source has been modified. 

[0028] 

(8) Invention, as described in Claim 8, has the following characteristic: Aforementioned color 
characteristics data is used to convert the image device signal device to a tristimulus value under 
specific conditions, or to a color value that derives from this tristimulus value. 

[0029] 

This invention converts the signal value of the image device to a tristimulus value or a color value that 
derives from this tristimulus value, which makes it consistent with the color management system based 
on colorimetry. 
[0030] 
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(9) Invention, as described in Claim 9, has the following characteristic: The system value of the target 
image device is converted to the system value of the image device on which it is reproduced, using 
the spectral color characteristics data, which indicates the spectral color characteristics of an image 
device. 

[0031] 

This invention reproduces the colors using the data that indicates the spectral color characteristics of the 
image device. Therefore, if the target medium and the medium on which the color is reproduced share 
the light source, the metamerism problem is reduced. If the previous tristimulus value is used with Hifi 
printing (that uses more than 3 colors), the existing method would have produced multiple solutions. 
This invention finds the optimal solution for accuracy. 
[0032] 

(10) Invention, as described in Claim 10, has the following characteristic: Aforementioned spectral 
color characteristics data should be the applicable spectral color characteristics data multiplied by the 
spectral distribution of the light source. 

[0033] 

This invention enables more optimized color reproduction by multiplying the spectral distribution of the 
light source. 

(11) Invention, as described in Claim 1 1, has the following characteristic: The approximate value of 
the aforementioned spectral color characteristics data is calculated ahead of time by multiplying the 
wavelength of the spectral color characteristics data with the weighting factor. 

[0034] 

This invention uses the weighting factor to calculate the spectral color characteristics data while 
considering the human vision. 

(12) Invention, as described in Claim 12, has the following characteristic: The data is converted to 
a system value of the associated image device ahead of time so that it stays within the color range of 
the image device on which it is reproduced. 

• [0035] 

This invention controls the data so that it stays within the color range of the image device on which it is 
reproduced. This enables the color management method in which the hue is not greatly affected. 
[0036] 

[Implementation of the Invention] 

This section describes the color data retention method and color management method using figures. 
[0037] 
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Provided first is a general description of the color data retention method and color management method 
(Figure 1). Figure 1 is one example of a processing unit used for implementing this invention. It is a 
block diagram that indicates how to reproduce a spectral data. 
[0038] 

Here, 100 is a method for reproducing the spectral data, which reproduces the spectral color 
characteristics data. 110 is the input tone conversion area, which is the first conversion step for 
converting the input signal tone. 120 is multi-dimensional LUT120, which is the second conversion 
step. 130 is the spectral data multiplication/addition area, which is the third conversion step, which 
adds the weighting factor. 140 is the fourth conversion step, the antilog tone conversion area, which 
converts the tone to an antilog. 
[0039] 

Here, if the number of primary colors of the image device (not shown) is N, the number of data that 
indicates the basic spectral distribution is M, and the number of spectral data's wavelength is L, input 
tone conversion area 110 is a one-dimensional LUT (input Nl; output 1 byte [approximately]), 
multi-dimensional LUT 120 is an N-dimensional LUT (number of grids: NT, output: 2 bytes 
[approximately]), multiplication/addition area 130 multiplies an M number of spectral data (output: 2 
bytes) and data from multi-dimensional LUT120 and adds the result, and antilog conversion area 140 is 
a one-dimensional LUT for tone conversion (input N2; output 2 bytes [approximately]). Each LUT is to 
combine interpolation processes, which allows a reduction of data size. 
[0040] 

150 is the means to generate data in accordance with the spectral distribution of the light source. 160 is 
the multiplication area that multiples the spectral color characteristics data (from spectral data 
reproduction step 100) with the spectral distribution of the light source. 170 is the convolution 
operation area that performs a convolution operation on the spectral color characteristics data (multiplied 
with the spectral distribution of the light source) with a color matching function and outputs a tristimulus 
value. 
[0041] 

In this figure 1 , the spectral data reproduction step 100 has four different conversion methods. However, 

as described below, not all methods must be used. 

[0042] 

<lmage Device Color Characteristics Data Retention Method> 

This section describes the invention of the color data retention method with spectral data. 
[0043] 
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(I) Using a CRT display device: An image for CRT or CRT display device can establish additive color 
mixing within the antilog range. It is composed of the following values: Number of primary colors 
N=3; number of basic spectral distribution data M=3. 

[0044] 

LUT of the input tone conversion area 110 converts the input signal (target system value of the image 
device) into an antilog. Multiple LUT 120 is not used. White point fine adjustment can be realized by 
adjusting the amplitude of the basic spectral distribution ahead of time. Gamma conversion has been 
performed on the image data for a CRT; The aforementioned input tone conversion area 110 converts 
the value back to an antilog. Multi-dimensional LUT 120 and antilog conversion area 140 are not 
necessary. 
[0045] 

Number of spectral distribution contributing data D is as follows: If the tone data Nl=33, 

D=N1+L*M*2 

=33+35*3*2 

=33+210=243 (bytes) 

Thus, the spectral distribution can be accurately speculated. 
[0046] 

(2) Using a density modulation printer: Color mixture has a linear density range. Input tone conversion 
area 1 10 or multi-dimensional LUT 120 converts the input signal once to logarithm. 

(3) [0047] 

(4) This converted input signal becomes the weighting factor. Multiplication/addition area 130 
performs a logarithmic area addition of the basic spectral distribution. One-dimensional LUT at the 
antilog tone conversion area 140converts it back to antilog. 

[0048] 

In this case, an appropriate number for the basic spectral distribution M is 4. This is a spectral 
distribution that is determined by a spectral distribution of the white background and the type of 
pigments (Y, M, C, etc.). In this case, the first conversion step (input tone conversion area 110) can be 
omitted. 
[0049] 

Here, the data length D of the spectral distribution contributing data is as follows: If the tone data Nl=17, 
N2=33, 

D=N1 3 *M*2+L*M*2+N2*2 
=17*17*17*4*2+35*4*2+33*2 
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«40K bytes 

Thus, the spectral distribution can be accurately speculated. 
[0050] 

(4) Using an area coverage modulation printer: For secondary colors (combination of two primary colors, 
such as Y+M, M+C, C+Y, etc.), it is desirable to have a 2 N number of spectral data for N-color 
printing. Which means that If the number of colors that are used is N, the number of basic spectral 
distribution data is between N and 2 raised to the power of N. With this invention, a color mixture 
of 2 N becomes the primary color. It is therefore easy to transmit the data without any deterioration 
of the spectral distribution characteristics accuracy. For a low-accurate conversion, there can be 3 
or 4 spectral data. 
[0051] 

In this case, the second conversion step, multi-dimensional LUT 120 and the third conversion step, 
spectral data multiplication/addition area can process the data. Input tone conversion area 110 and 
antilog tone conversion area 140 can be omitted. 
[0052] 

Here, the number of spectral distribution contributing data D is as follows: If the tone dataNT=17, 

D=NT 3 *M*2+L*M*2 

=17*17*17*4*2+35*4*2 

^40K bytes 

Thus, the spectral distribution can be accurately speculated. 
[0053] 

In the above examples (1) through (3), the input tone conversion area 110 and multi-dimensional LUT 
120 can be replaced by neural network. Input tone conversion area 110 and multi-dimensional LUT 
120 can handle matrix operation and modulation functions. Multi -dimensional LUT 120 and spectral 
data multiplication/addition area 130 can use Neugebauer equations. 
[0054] 

Multiplication area 160 multiples the estimated spectral distribution (spectral color characteristics data) 
and the spectral distribution data retained in 150, the light source spectral distribution data generation 
step. 
[0055] 

Convolution operation area 170 integrates the spectral color characteristics data (multiplied with the 
spectral distribution data of the light source) using color matching function's convolution operation. It 
then outputs the result as a tristimulus value. See CIE Publication 5.2 for more on the color matching 
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function. This function calculates the tristimulus value, which makes it a device-independent value. 
[0056] 

This tristimulus value can be converted to a uniform color space, such as L*a*b* and L*u*v*, color 
space of a color appearance model such as Hunt, Nayatani, as well as a color space of the color 
appearance model defined in CIE (CIECAM97s). Thus, the value becomes a device- and 
environment-independent value. 
[0057] 

Figure 2 describes a transformation example of the spectral data reproduction step 100. The number of 
primary colors of the image device (not shown) is N, and the number of spectral data wavelength is L. 
Spectral data reproduction step 100 in this figure 2 consists of 1 10, the input tone conversion area, which 
is the one-dimensional LUT for tone conversion (input Nl; output 1 byte [approximately]), and the 
multi-dimensional LUT 120 of N-dimensional L-output LUT, which contains multiple spectral data. 
[0058] 

In this case, the number of spectral distribution contributing data D is as follows (if grid point NT is the 

same as above): 

D=NT 3,K 35*2 

=17*17*17*35*2 

»344K bytes 

When there is simple spectral data, the number of data D can be reduced by reducing the number of grid 

points. Thus, the spectral distribution can be accurately predicted with a small amount of data. 

[0059] 

IfNT=9 

D=?NT 3 *35*2 

=9*9*9*35*2 

«51K bytes 

Such an intermediate point should be obtained accurately through nonlinear interpolation. See 
Colorimetric Calibration in Electronic Imaging Devices Using a Look-up Table Model and 
Interpolations" (Hung, Po-Chie, Journal of Electronic Imaging 2(1), pp. 53-61) for more details on such 
an interpolation method. 
[0060] 

<Color Management Method> 

This section describes the color management method invention. If the color data, as described above, 
contains a spectral data, the relation between the input signal and spectral distribution can be obtained. 
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The combination of input signals can be obtained, for example, in the following procedure: 
[0061] 

1. Get the spectral distribution, which is a combination of certain signal values of the target device. In 
other words, calculate the target spectra distribution. 

2. Get the signal value of the device on the reproducing device, for which the error evaluation function is 
the lowest, compared to the spectral distribution of the reproducing device. For the evaluation, for 
example, use the following equation. Here, L tar (X) is the target spectral distribution, and L dest (X) 
is the spectral distribution on the reproducing side. W (X) is the weighting factor. Use, for example, 
the sum of 3 color matching functions. 

[0062] 
[Equation 1] 

720 



[0063] 

3. Get multiple results of this equation. 

4. Get the data using the least squares method. There are several different ways to execute this. See 
below for an actual example. In this example, it is presumed as N=3. It could be a larger value than 
that, which is one of the advantages of this invention. Logically, N can be as large as the number of 
spectral data. It is possible to multiple the weighting factor (X), described above. 

[0064] 

The target spectral photosensitivity L tar is as follows: 

[0065] 

[Equation 2] 



r 



J 



[0066] 
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Also, L dest, the spectral distribution by the signal value of the reproducing device, which indicates the 
neighborhood of L tar, the target spectral distribution, is obtained as follows: 
[0067] 
[Equation 3] 

L^(3S0,/ii + njrt f /i3)) L^(380.nl,n2 4-/2,/f3) L^(380 ? iil ( «Z,/i3 + n)" 
t^(390,«l + n,n2 t rt3» . JL^<390.nl f n2 + tt,n3) L^(390,nU2,Ji3 + *3) 



L to ,(710.#d + U f ii2ji3)) L^,(7l0jiU2 + /2«rt3) ^ w (710,/lU2,/i3 + /3) 



[0068] 

By calculating the following A, 

[0069] 

[Equation 4] 



[0070] 

the weighting factor for the reproducing device value, which is close to the target spectral distribution. 
Which means, by 
[0071] 
[Equation 5] 
* 

r 



at 



«3. 



>1 


n[ + ll 


nl 


ni 




ril 


n2 




nl 


A 


u 


n3 


n3 


*2-f 13 





[0072] 

the above equation, the optimal combination of the reproducing device signals can be obtained. 
5. Find the closest point using the above weighting factor. 
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6. Change the input signal value in the above step 1 and repeat the same process. The input signal value 

in step 1 is a combination of signal values between 5 3 and 33 3 . 
[0073] 

Execute the above steps 1 through 5 to convert the target device's signal value to the signal value of the 
reproducing device. Flow chart in figure 3 describes this process roughly. First, calculate the target 
spectral distribution from the target device signal value (Figure 3 SI), get the approximate spectral 
distribution by comparing it to the spectral distribution on the reproducing device side (Figure 3S2), and 
get the signal value of the reproducing device from this approximate spectral distribution (Figure 3S3). 
[0074] 

<Color Management Method Transformation> 

This section provides an example of color management method transformation. 

1. In order to compress the color range, compress it based on the existing color management concept 
ahead of time and use the spectral distribution that corresponds to the device signal value of the time. 
This way, color management that maintains the hue becomes possible. Without this process, there is 
no way to predict to which hue the colors are compressed. 

[0075] 

2. When the white point of observation is different, 

Reflection object Virtually change the color temperature of the light source and match the white points 

before calculation. 

[0076] 

Reflection object and self-luminous object, such as CRT: Virtually change the color temperature of the 
light source on the reflection device side and match the white points before calculation. 

3. When there is no basic spectral distribution data, use the pre-registered spectral distribution data to 
reduce the data size. 

[0077] 

Register the subject type (media) ahead of time; for example, A is photographic paper, and B is ink, etc. 
Determine the typical spectral distribution for each media as a symbol. This way, without transmitting 
the complete data, the receiver can interpret the data just by inspecting the symbol. 
[0078] 

4. Spectral data in this example is not only the spectral data itself but also includes equivalent data, 
which, for example, has been linearized. 

<Effects> 

When this invention is implemented, the following effects can be expected: 
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[0079] 

Data size can be drastically reduced by including the basic spectral distribution data and spectral 
distribution contributing data in the color characteristics data, which indicates the color characteristics of 
an image device. For example, when N=17, number of spectral data wavelength=L=35, spectral 
distribution data M is 3, a case with only a simple spectral data will be as targe as 17 3 *2*35=343910 
bytes. However, with this invention, the data can be only 17 3 *3*2+35*3*2+33*2=29754 bytes. This 
data size is about the same as that for when a tristimulus value is used to retain the color characteristics. 
However, this method enables a highly accurate operation of spectral color characteristics. 
[0080] 

In some points, spectral distribution of certain colors (primary colors, etc.) can be perfectly reproduced 

and can maintain high accuracy, as opposed to when neural network is used. 

[0081] 

Since this method gets the signal value of the reproducing device by using the spectral distribution, there 
is less chance of metamerism. 

For the same reason, the optimal value can be determined even for HiFi printing, which uses 4 or more 

colors. 

[0082] 

[Effects of the Invention] 

By implementing this invention, which is described in detail above, the following effects can be 
expected: 

(1) Invention, as described in Claim 1, is a color data retention method whose characteristic is as 
follows: It includes the basic spectral distribution data and spectral distribution contributing data, 
which associates the input signal with the spectral distribution, in the color characteristics data, 
which indicates the color characteristics of an image device. With this invention, the color 
characteristics data will not lose its spectral characteristics by including the basic spectral data and 
spectral distribution contributing data in the color characteristics data. Additionally, it requires less 
data, as compared to when spectral data is simply applied to a combination of device signal values. 
Since it still maintains its spectral characteristics, the image can be reproduced at the reproduction 
site highly accurately, even if the light source has been modified. 

[0083] 

(2) Invention, as described in Claim 2, modifies the tone of the aforementioned spectral distribution 
contributing data by linearizing the color mixture characteristic of the image device. This invention 
decreases the multi-dimensional matrix size and the number of basic spectral distribution data by 
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linearizing the color mixture characteristics while maintaining its accuracy. As a result, it reduces 
the data size and processing amount. 
[0084] 

(3) Invention, as described in Claim 3, has the following characteristic; With this invention, the color 
mixture of 2 N is the primary color. Such data can be transmitted while still maintaining its spectral 
distribution characteristic accuracy. 

(4) Invention, as described in Claim 4, has the following characteristic: When the image device is the 
input device, the aforementioned basic spectral distribution data can be modified, based on the type 
of the subject. With this invention, optimal data for the subject can be transmitted. 

[00851 

(5) Invention, as described in Claim 5, has the following characteristic: When the image device is the 
input device, the aforementioned basic spectral distribution data is to be selected from the data 
associated with multiple media. With this invention, the receiver can interpret the data receiving 
symbols and not the complete data, by determining a symbol for a typical spectral distribution ahead 
of time based on the subject type. As a result, the data size can be drastically reduced. 

[0086] 

(6) Invention, as described in Claim 6, has the following characteristic: If the aforementioned basic 
spectral distribution data does not exist, pre-determined spectral data is used as the basic spectral 
distribution data. With this invention, the data size can be drastically reduced by omitting the basic 
spectral distribution data from the spectral distribution that is generally used, and by using the 
pre-determined data. 

[0087] 

(7) Invention, as described in Claim 7, has the following characteristic: Aforementioned color 
characteristics data is incorporated as a part of the image data. This invention incorporates spectral 
characteristics to an image data. Therefore, it can achieve visual color reproduction at the 
reproduction site, even when the light source has been modified. 

[0088] 

(8) Invention, as described in Claim 8, has the following characteristic: This invention converts the 
signal value of the image device to a tristimulus value or a color value that derives from this 
tristimulus value, which makes it consistent with the color management system based on 
colorimetry. 

[0089] 

(9) Invention, as described in Claim 9, has the following characteristic: This invention reproduces the 
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colors using the data that indicates the spectral color characteristics of the image device. Therefore, 
if the target medium and the medium on which the color is reproduced share the light source, the 
metamerism problem is reduced. If the previous tristimulus value is used with Hifi printing (that 
uses more than 3 colors), the existing method would have produced multiple solutions. This 
invention finds the optimal solution for accuracy. 
[0090] 

(10) Invention, as described in Claim 10, enables more optimized color reproduction by 
multiplying the spectral distribution of the light source with the applicable spectral color 
characteristics data and using the result as the spectral color characteristics data. 

[0091]. 

(11) Invention, as described in Claim 11, calculates the approximate value of the aforementioned 
spectral color characteristics data ahead of time by multiplying the wavelength of the spectral color 
characteristics data with the weighting factor. This invention uses the weighting factor to calculate 
the spectral color characteristics data while considering the human vision. 

[0092] 

(12) Invention, as described in Claim 12, converts the data to a system value of the associated 
image device ahead of time so that it stays within the color range of the irnage device on which it is 
reproduced. This enables the color management method in which the hue is not greatly affected. 

[Simple Description of Figures] 
[Figure 1] 

This block diagram describes the electrical structure of the device used for the color data retention 
method and color management method by function blocks. 
[Figure 2] 

This block diagram describes the main area of the electrical structure of the transformation example of 
the device used for the color data retention method and color management method. 
[Figure 3] 

This flow chart describes the operational steps of the color data retention method and color management 

method. 

[Figure 4] 

This flow chart describes the operational steps of the existing method. 
[Codes] 
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